H ealth literacy has emerged as a cross-cutting priority to improve the quality of health and health care in America. 1-4 Medical and public health literature highlight the high reading demands made on people who are often in need of important health information. 5 In addition, there is a growing body of literature indicating that people with limited health literacy have worse health status. 6'7 Health literacy has been defined as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions" and includes aspects of basic literacy as well as vision, cognition, hearing, communication, navigation, and culture. 3 Various mechanisms linking low health literacy to worse health outcomes have been proposed. 8 However, as most reports have presented cross-sectional analyses, a mechanistic understanding of how low health literacy might actually cause worse health outcomes has remained elusive.9, lo One prominent theory maintains that adherence to medication regimens is lower in patients with low health literacy. s An excellent model to examine such a mechanism is in patients with HIV as health outcomes are likely to be particularly sensitive to variation in adherence. ~ While many studies have investigated determinants of antiretroviral therapy (ART) adherence, 12-22 few authors have examined the role of health literacy in ART adherence among patients with HW. The goal of this paper is to evaluate the role of literacy in longitudinal analyses of adherence and viral load suppression among patients with HIV. We hypothesized that low health literacy would be associated with worse adherence and less frequent viral load suppression.
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METHODS
Study Population
This is a longitudinal analysis evaluating data including literacy status, ART adherence, HIV-RNA level, and addiction severity from a prospective cohort of HtV-infected patients with a history of alcohol problems. Between July 1997 and August 2001, we recruited HIV-infected subjects with a history of alcohol problems in the following manner: Boston Medical Center HIV Diagnostic Evaluation Unit 56%; posted flyers 16%; Boston Medical Center Primary Care Clinic 13%; respite facility for homeless persons 5%; methadone clinic 4%; subject referrals 4%; and Beth Israel Deaconess Medical Center 2%. All potential subjects who gave 2 or more positive responses to the CAGE questionnaire [Cut down, Annoyed, Guilty, Eye-opener), a screening test for lifetime alcohol problems, were eligible. 2a-2s In addition, potential subjects were eligible if an attending physician made a specific diagnosis of alcohol abuse or dependence. 26'27 Other entry criteria included the following: fluency in English or Spanish; Mini-Mental State Examination score _> 21; and no plans to move from the Boston area within 2 years. 2s We screened 474 subjects at these various sites. There were 422 eligible subjects, of whom 349 (82.5%) provided informed consent and agreed to participate in the original study. 29
A nested randomized-controlled intervention trial to promote ART adherence was conducted with 150 of the 349 subjects, as depicted in Figure 1 . Intervention subjects had:
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(1) assessment and discussion of alcohol use based on stage of readiness for behavioral change; (2) use of a watch that served as a medication timer device, a practical aid to improving adherence; (3) counseling to promote perceived efficacy of medications; and (4) individualized HIV counseling and exploration of ways to tailor medication use to specific circumstances. Subjects randomized to the intervention group were scheduled for an initial 60-minute individual appointment (within 2 weeks after randomization), a follow-up home visit within the first 3 weeks, and 2 subsequent 15-to 30-minute appointments at 1 and 3 months with the nurse interventionist who delivered the adherence enhancement intervention. 3°'31 In the analysis for this study, appropriate adjustments were made to account for trial status. The Institutional Review Boards of Boston Medical Center and Beth Israel Deaconess Medical Center approved this study.
For the current analyses, health literacy is the primary independent variable of interest. Thus, subjects were excluded from the analysis if they did not complete the literacy assessment (n=l 1) or if they conducted the research interview in Spanish (n=23), as the Rapid Estimate of Adult Literacy in Medicine (REALM) is an English test. a2 In addition, subjects were excluded if they were not on ART (n =80). Consequently, the final cohort for this analysis included 235 subjects, as depicted in Figure 1 . If a subject began ART during the period of observation, only data collected after that point were included.
Data Collection
After obtaining informed consent, a research associate interviewed subjects using a standardized instrument to ascertain baseline information. We attempted to obtain CD4 cell counts and HW-RNA levels on all subjects. Laboratory tests performed within 6 months of the interview as part of clinical care were recorded. If not available through routine clinical care, blood samples were obtained and tested for CD4 cell count and HIV-RNA using the Boston Medical Center Clinical Laboratory. Research interviews and data collection were conducted every 6 months for up to 7 occasions. 100 excluded (20 due 
Outcome Variables
The outcome variables of interest were (1) 3-day ART adherence (100% adherent vs < 100% adherent) and (2) viral load suppression (< 500 vs > 500 copies/mL). Adherence was determined with the AIDS Clinical Trials Group Adherence Instrument, a self-reported questionnaire that was modified to evaluate 3-day, as opposed to 2-day, ART adherence. 33 Patients reported the names of the antiretroviral medications, as well as the number of doses and the total number of pills prescribed daily. We defined adherence as a dichotomous variable, in which patients who were < 100% adherent during the previous 3 days were considered nonadherent, x2.3o Measurement of HIV-RNA was performed using branched-chain DNA techniques. 34 The threshold for detection at the time of the study was 500 copies/mL; viral load suppression was defined as having an undetectable HW-RNA. In secondary analyses, we used 30-day self-reported ART adherence ( > 95% adherent vs < 95% adherent) as an alternate measure.
Primary Independent Variables
Our measure for health literacy was the 66-word REALM. a2 This is a 2 to 3-minute English test of medically relevant vocabulary. The REALM is a valid test of word pronunciation and has been shown to correlate well with tests that evaluate a range of literacy skills. 35 Three categories of literacy were defined based on the REALM: literacy levels of 6th grade and below (REALM score 0 to 44), 7th to 8th grades (REALM score 45 to 60), and 9th grade and above (REALM score 61 to 66).
Other Independent Variables
Other specific variables assessed included: gender, age, race (black, white, or other--the latter subjects were mostly Hispanic), severity of alcohol and drug dependence as measured by the Addiction Severity Index (ASI alcohol and ASI drug), 36 drank to intoxication in the past 30 days, injected drugs in the past 6 months, level of education, complexity of medication regimen, homelessness, and randomization group. Level of education was used as a dichotomous variable representing whether a subject had a high school diploma or general equivalency degree (GED) versus neither. The complexity of the medication regimen was categorized as low {2 to 4 doses/d), moderate (5 to 6doses/d), or high (7 to 10doses/d). Homelessness was defined as having spent at least 1 night either on the street or in a shelter in the 6 months before the interview. 37
Analysis
Bivariate analyses of baseline data were performed to assess the associations between various subject characteristics and literacy. Subject characteristics were compared across literacy groups using the ~2 test for categorical variables and the nonparametric Kruskal-Wallis test for continuous variables. Separate longitudinal logistic regression models were constructed to examine the association between literacy and each outcome (ART adherence and HIV-RNA suppression) over time. A generalized estimating equations (GEE) approach using an independence working correlation matrix was used to account for correlation due to analyzing repeated measures from the same subject over time, and empirical standard errors were used for all analyses. 3s Multivariable analyses were conducted in the
